phytes in 55 (55.6%) patients. The mean value of 25(OH)D level was 11.4 8 6.07 ng/ml. Of the 99 patients, 92 (92.9%) were vitamin D deficient. Comparison of 25(OH)D levels to radiological findings and different functional classes showed no significant association. Conclusion: Most of our patients had vitamin D deficiency, but the level of 25(OH)D was not related to the severity of the knee X-ray grading or to the functional assessment in our patients with primary knee OA.
Introduction
Osteoarthritis (OA) is characterized by loss of cartilage and concomitant changes in subchondral bone; it is the most common cause of musculoskeletal disability in the elderly. Normal bone and cartilage metabolism depends on the presence of vitamin D [1] . Insufficient levels of vitamin D have been shown to have adverse effects on calcium metabolism, osteoblastic activity, matrix ossification, bone density and articular cartilage turnover [2] [3] [4] [5] . Observational epidemiological studies have suggested that vitamin D status may affect the occurrence and progression of OA [1, [6] [7] [8] [9] [10] [11] . Vitamin D is active in the bone and the remodeling of the bone which may be critical for in Kuwaiti patients with primary knee osteoarthritis (OA) and to assess its relation with radiological grading and functional status. Subjects and Methods: In this crosssectional study, 25(OH)D was measured using radioimmunoassay in 99 patients [90 women and 9 men; mean age 56.5 8 9.1 years (range: 36-80)] with clinical and radiological findings of primary knee OA. X-ray grading using the Kellgren-Lawrence grading scale and the Osteoarthritis Research Society International (OARSI) Atlas grading scale and functional assessments using Lequesne's indices were evaluated in relation to the 25(OH)D level. Other variables studied were age at onset of symptoms, body mass index and duration of disease. Results: The age of the patients at the onset and the duration of disease were 51.58 8 7.14 and 3.88 8 2.51 years, respectively. Mean scoring for functional assessment was 10.31 8 4.35 and mean Kellgren-Lawrence radiological grading was 2.43 8 0.85. Radiological finding according to the OARSI Atlas revealed joint space narrowing of grades 2-3 in 87 (87.9%) patients and the presence of osteo-disease stability in OA [6] . While growth plate cartilage is responsive to vitamin D, hypertrophic adult articular chondrocytes redevelop receptors for vitamin D which may influence these chondrocytes and alter somehow their metabolic process [7] .
Knee OA is common in Kuwait [12, 13] yet no specific factors have been studied so far. Two genetic studies did not reveal any association with knee OA [14, 15] . Vitamin D supplements may be prescribed to patients with knee OA to 'improve knee OA'. Therefore, the objective of this study was to investigate the effect of serum levels of 25-hydroxyvitamin D [25(OH)D] in Kuwaiti Arab patients with primary knee OA and to assess its associations with the radiological grading and functional status of the patients.
Subjects and Methods

Study Populations
This is a cross-sectional study which included 99 consecutive patients (90 women and 9 men) with primary knee OA who were recruited over 1 year from 2 rheumatology clinics (Mubarak AlKabir and Al-Amiri hospitals). All the patients had clinical and radiological evidence of knee OA with no underlying inflammatory diseases. All the patients were evaluated clinically, radiologically as well as for functional assessment. Other variables included were age at the onset of symptoms, body mass index (BMI) and duration of the symptoms. The study was approved by the Medical Research Ethics Committee, Faculty of Medicine, Kuwait University, Kuwait.
Clinical Evaluation
A detailed history and physical examination regarding knee pain was done. This included location, duration, severity of pain using the Visual Analogue Scale and patient global assessment of pain, the presence of swelling, nocturnal pain, pain at rest or activity (stairs, kneeling and squatting), stiffness/gelling phenomena as well as the clinical signs of OA such as bone broadening, knee crepitus, tenderness and range of motions.
Radiographic Assessment X-rays of the knee were taken at an anteroposterior position and weight bearing was assessed using the Kellgren-Lawrence grade on a Likert scale from 0 to 4. Grades 1-2 were considered as mild and grades 3-4 as severe. All the patients were also scored for joint space narrowing (JSN) and osteophytes separately on a scale from 0 to 3 (0 = normal; 3 = severe) according to the Osteoarthritis Research Society International (OARSI) Atlas [11] .
Functional Assessment
All patients were assessed for function using Lequesne's indices; a value of less than 10 was considered a good index while a value of 10 or more was considered to be a poor index. Assessment mainly included activities of daily living such as walking, climbing stairs, squatting and kneeling.
Measurement of Vitamin D Level: Plasma 25(OH)D Assessment
Blood samples were collected and were anti-coagulated with EDTA and the plasma was separated by centrifugation at 2,500 rpm. The plasma was then used in the vitamin D assays. Plasma was stored at -70 ° C until used for analysis. Plasma 25(OH)D concentration was determined by radioimmunoassay kits (DiaSorin, Stillwater, Minn., USA). The analysis consisted of two procedures: the first involved rapid extraction of 25(OH)D and other hydroxylated metabolites from the plasma which were treated with acetonitrile, and were then assayed using an equilibrium RIA procedure. The intra-and interassay coefficients of variation were obtained and were 5.4 and 7.8%, respectively. The vitamin D level was defined as deficient when 25(OH)D was ! 20 ng/ml [16] [17] [18] . Calcium, parathyroid hormone and serum albumin were also measured.
Statistical Analysis
The Statistical Package for Social Sciences (SPSS) version 17 was used for data processing (Chicago, Ill., USA). Comparison of different variables among the two levels (deficient ! 20 ng/ml and normal 6 20 ng/ml) of 25(OH)D was done using the independentsamples t test. When data were skewed, the Mann-Whitney U test was used. The association between JSN and osteophytes was conducted using Pearson's 2 test. Univariate and multivariate logistic regression was used to examine the association between OA and 25(OH)D levels which were adjusted for age, gender and BMI. The variables used were JSN and osteophytes, in accordance with the OARSI Atlas grading scale.
Results
The mean age was 56.49 8 9.12 years (range: 36-80). The characteristics of the 99 patients including age of disease onset, duration of disease in years, BMI, functional and radiological grading are given in table 1 . Serum calcium, parathyroid hormone and albumin levels were within normal limits. The mean value of 25(OH)D level was 11.4 8 6.07 ng/ml and 92 (92.9%) patients were vitamin D deficient. Radiological finding based on the OARSI Atlas grading scale revealed JSN in all the patients but JSN of grade 2-3 was seen in 87 (87.9%) patients ( fig. 1 ) and the presence of osteophytes was observed in 55 (55.6%) patients in the medial and lateral tibiofemoral compartments at right and left knees combined. The comparison of the variables including age, BMI, duration of knee OA, function and X-ray grading to the two levels of 25(OH)D (deficient ! 20 ng/ml and normal 6 20 ng/ ml) revealed no significant difference between the levels of these variables and those of vitamin D. Eighty-two (88.2%) patients with 25(OH)D deficiency also showed JSN and 53 (57.0%) patients with 25(OH)D deficiency also exhibited osteophytes ( table 2 ). The association between 25(OH)D and OA adjusted for age, gender and BMI using the logistic regression analysis is given in table 3 . Crosssectionally, 25(OH)D levels were not associated with JSN or osteophytes in the medial tibiofemoral compartment at both right and left knees together in both univariate and multivariate analyses, after adjusting for the confounders age, gender and BMI.
Discussion
Our study showed that most of our patients with primary knee OA had 25(OH)D deficiency which could be due to cultural practice such as clothing. The majority of the women wear long garments and cover their heads although Kuwait is a very sunny place with sunshine almost all year round. Yet, the exposure of females to sun is low. Although the majority of patients with knee OA had 25(OH)D deficiency, we could neither associate it with the radiological severity of knee OA nor with the functional ability. Two longitudinal epidemiologic studies [1, 8] had shown that low vitamin D levels worsen the course of OA: the Framingham study cohort [8] which showed that subjects with preexisting knee OA and who have vitamin D levels in the lowest and middle tertiles had a 3-fold risk of radiographic worsening of the knee OA, while the other study [1] showed that levels of vitamin D in the lowest and middle tertiles were associated with hip OA.
Felson et al. [7] had reported the level of 25(OH)D from two longitudinal cohort studies, namely the Framingham osteoarthritis study [18] and the Boston osteoarthritis knee study showing that vitamin D status is unrelated to the risk of joint space or cartilage loss in knee OA or worsening of the knee OA. More recently, McAlindon et al. [19] showed that vitamin D supplement at a dose sufficient to increase the levels of vitamin D to above 30 ng/ml did not appear to have any benefit for pain or structural progression of knee OA. Although our study was not a longitudinal study, our data demonstrated that in the Arab patients with knee OA with different radiological grading (Kellgren-Lawrence grade mild vs. severe as well as OARSI Atlas grading scale), there was no association with 25(OH)D levels. The majority of patients with 25(OH)D deficiency showed JSN of grades 2 and 3 (88.2%) in the medial tibiofemoral compartment, right and left combined ( fig. 1 ) . A lesser proportion of patients (57.0%) with 25(OH)D deficiency presented with grade 1 osteophyte formation. These findings are consistent with those of Ding et al. [11] . However, and most probably be- cause of the small number of patients with normal 25(OH) D in our study group, both JSN and osteophytes did not show a significant association with 25(OH)D levels using univariate and multivariate analyses. Also, when the levels were studied in relation to the functional status of the patients (good vs. poor), which has not been reported before, we found no association of the functional index with the vitamin D status. Vitamin D deficiency may affect other aspects of knee OA such as pain or muscle weakness [7] , but does not affect the progression of knee OA [19] .
Patients should be advised to reduce their weight and perform quadriceps knee exercises to improve their symptoms.
Our study has some limitations: first, it was not a longitudinal study, we included and followed patients who were referred to the rheumatologists for knee pain and who were diagnosed with primary knee OA. Second, the number of the subjects was relatively small, principally because the total population of the country is small and equally important Kuwaitis constitute approximately 40% of a total population of about 3 million. We would like to point out that the power analysis done on our sample size of 99 yielded 75.1%, but to draw proper inference the power should have been at least 80%. Despite these limitations, we are of the opinion that our findings suggest that there is no good association between vitamin D deficiency and severity of knee OA, especially considering the recent publication of the randomized study in Caucasian patients with knee OA [19] .
Most of our patients had vitamin deficiency but the level of 25(OH)D was not related to the severity of the knee X-ray grading or to the functional assessment in our patients with primary knee OA. 
